Objective-Metformin reduces cancer incidence and improves overall survival in diabetic patients. In preclinical studies, metformin decreases endometrial cancer (EC) cell growth by activation of AMPK/mTOR inhibition. We sought to determine the effects of metformin on serum/ tumor biomarkers in women with EC.
Introduction
Metformin is one of the most widely prescribed oral hypoglycemic agents used to treat type 2 diabetes (1) . Over the last decade, a number of studies have suggested therapeutic potential for metformin in the prevention and treatment of cancer. This hypothesis was supported by the observation that metformin has the potential to reduce the incidence of cancer in diabetic patients taking metformin compared to other hypoglycemia agents (2) . In an observational cohort study of diabetics, incident cancer was diagnosed among 7.3% of 4,085 metformin users compared with 11.6% of 4,085 comparators (p<0.001) (3) . Since then, multiple publications have suggested that taking metformin may benefit patients with pancreatic, breast, colorectal, ovarian, and endometrial cancer (4-7).
Metformin is thought to have both a direct and indirect effect on cell growth and metabolism ( Figure 1 ). In the direct model, metformin activates AMPK, which results in phosphorylation of tuberous sclerosis 2 protein. This inhibits mTOR signaling which ultimately inhibits cell growth. Metformin also acts indirectly by increasing insulin sensitivity, increasing uptake of glucose in the cell, and subsequently decreasing circulating levels of insulin. Both insulin and IGF-1 are known factors that promote cell growth, thus, decreasing insulin would have a negative effect on cell proliferation.
Both diabetes and insulin resistance are risk factors for endometrial cancer (8, 9) . Preclinical data have shown that increasing doses of metformin were associated with a decrease in cell proliferation in several endometrial cancer cell lines (10, 11) . Based on these data, the objective of our study was to determine the effects of oral metformin on the endometrial cancer cells in women with newly diagnosed endometrioid endometrial cancer. We hypothesized that treatment with oral metformin would decrease endometrial cancer cell growth by activation of AMPK and inhibition of MTOR.
Materials and Methods
After approval from the Institutional Review Board at MD Anderson Cancer Center and Lyndon Baines Johnson Hospital (LBJ), patients with newly diagnosed endometrial cancer who were candidates for definitive surgery were approached. Patients were eligible if they were a surgical candidate and had (1) histologically confirmed endometrioid adenocarcinoma, any grade, or a mixed tumor with at least an endometrioid component, (2) documented non-fasting plasma glucose level of ≤ 125 mg/dL or a fasting plasma glucose level of ≤ 125 mg/dL, (3) a creatinine clearance > 60 cc/min documented by the Cockcroft Gault formula, and (4) serum bilirubin < 2.5 mg/dL. Exclusion criteria included (1) known history of diabetes or currently taking any hypoglycemic agents, (2) use of metformin or an mTOR inhibitor in the previous 2 years, (3) prior cytotoxic or biologic therapy for endometrial cancer, or (4) any contraindication to metformin.
Once informed consent was obtained, the pre-treatment evaluation included (1) anthropometric testing including height, weight, waist circumference, and blood pressure, (2) fasting blood and urine collection, and (3) an office endometrial biopsy. Part of the tissue was flash frozen and the remaining tissue was formalin-fixed and paraffin embedded. A hematoxylin and eosin stain was performed to confirm presence of tumor tissue.
Once the baseline testing was completed, patients were started on metformin 850 mg by mouth daily for a minimum of 7 days and maximum of 30 days prior to scheduled surgery. If a patient was scheduled for CT imaging, the metformin dose was held for 48 hours after the procedure. Patients continued metformin until the day before surgery. Patients completed a drug administration and toxicity diary. Patients could be withdrawn from the study if they had > grade 3 nausea and/or diarrhea that could not be managed with medications.
Post-treatment testing was obtained on the day of surgery. This included a fasting blood and urine sample collected in the operating room after the induction of anesthesia. Care was taken to ensure that no dextrose was given prior to obtaining the samples. Post-treatment endometrial tissue was obtained from the hysterectomy specimen once it was removed from the patient and the pathologist performed the gross evaluation. Tissue samples were flashfrozen and paraffin embedded using the same technique as the pre-treatment samples.
Serum marker analysis
Serum glucose level was detected with QuantiChrom™ Glucose assay kit (BioAssay Systems, Hayward, CA). Serum markers were detected using multiplex assay from Millipore 
Immunohistochemistry
Paraffin-embedded sections of endometrial tumor tissue were cut at 4 µm thickness, deparaffinized with xylene, and rehydrated using graded ethanol. Antigen retrieval using citrate buffer (PH 6.0) was performed on Lab Vision PT module (Thermo Scientific, Pittsburgh, PA). Endogenous peroxidase activity was inactivated using 3% hydrogen peroxide. After blocking with 10% horse serum, the sections were incubated in primary antibody against Phospho-S6 Ribosomal Protein (Ser235/236) (pS6p, 1:75), Phospho-Akt (Ser473) (pAkt, 1:50), Cleaved Caspase-3 (Asp175) (1:300), Phospho-p44/42 MAPK (Erk1/2) (Thr202/ Tyr204) (pErk1/2, 1:400), Phospho-Acetyl-CoA Carboxylase (Ser79) (pACC, 1:50), Phosphatase and tensin homologue deleted on chromosome ten) (PTEN, 1:125) (Cell Signaling, Danvers, MA), and Ki67 (1:100, BD Pharmigen, San Jose, CA) followed by the incubation with biotinylated anti rabbit or anti mouse IgG and streptavidin-HRP (Dako, Carpinteria, CA). Diaminobenzidine solution was applied to visualize the complex and sections were counterstained with Mayer's hematoxylin.
All staining was processed on Thermo Scientific Autostainer (Thermo Scientific, Pittsburgh, PA). To evaluate differential expression levels between pre-and post-treatment samples, the following scoring systems were used: for phospho-ACC, intensity of endometrial tumor cell cytoplasmic and membranous staining (negative, 2+, 3+) was reported; for PTEN, tumor tissue staining intensity of 2+ or above was reported as positive, otherwise was reported as negative; phospho-Akt and phospho-S6P were reported as percentage of endometrial tumor cell with staining intensity 3+. Proliferation was evaluated by Ki67 staining, scored as percentage of endometrial tumor cells with positive nuclear staining. Caspase-3 and MAPK scoring were reported as percentage of positively stained endometrial tumor cells.
KRAS mutation detection
Microdissection and DNA extraction-Approximately 1,000 endometrial tumor cells were dissected from formalin-fixed paraffin-embedded endometrial tumor tissue under stereomicroscope visualization using fine needles (25G5/8). DNA was extracted using 25 µL of Pico Pure DNA Extraction solution (Applied Biolsystems, Carlsbad, CA) containing proteinase K and incubated at 65°C for 24 hours. Subsequently, proteinase K was inactivated by heating samples at 95°C for 10 minutes. GTTGCCACCTTGTTACC. DNA extracted from ~100 tumor cells was used for PCR amplification. Amplification was performed in 20 µL volume containing 1 µL DNA, 0.8 µL of each primer (10µM), 2 µL 10XPCR buffer, 0.2 µL Taq DNA Polymerase (Sigma-Aldrich, St. Louis, MO) and 15 µL DNase-free water. DNA was amplified for 38 cycles at 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute, followed by 10-minute extension at 72°C. PCR products were validated by DNA gel electrophoresis, and sequenced with Sanger Based DNA sequencing at MD Anderson Sequencing and Microarray Facility. All sequence variants were confirmed by sequencing from both directions.
KRAS mutation analysis-Mutations

Statistical analysis
Summary statistics were used to describe demographic characteristics. For the serum markers, a paired t-test with a 2-sided significance level of 0.05 was used to test whether the mean change in expression between pre-and post-treatment samples was statistically significant. For the tissue biomarkers, slides were scored independently by 2 investigators including a gynecologic pathologist (RBB) and categorized by intensity and percent positive tumor cells. A change of at least 20% positive cells was thought to be meaningful for analysis. An exact binomial test with a one-sided significance level of 0.05 was used to test whether the percent of patients with a decrease or increase (as appropriate) in biomarker expression from pre-to post-treatment was more than 50%. Logistic regression models were then used to determine if any of the significant changes in the biomarkers were associated with either obesity or histologic grade.
Results
Between October, 2010 and June, 2013 twenty-one patients were enrolled in the study. One patient was non-compliant with the metformin due to dizziness and was deemed nonevaluable. The remaining 20 cases tolerated therapy without side effects and were included in the analysis. The demographic characteristics for the patients are described in Table 1 . Median age was 56.5 years (range 27 -67). Median body mass index (BMI) was 34.5 kg/m 2 (range 21.9 -50.0). Median duration of metformin treatment was 9.5 days (range 7 to 24). Grade 1 and 2 endometrioid histology were the most common comprising 35% and 45%, respectively. A majority of patients were ultimately diagnosed with early stage (IA, IB) disease (17/20, 85%). Table 2 includes the mean serum marker measurements for both pre-and post-treatment samples. After treatment with oral metformin, mean serum glucose increased from 91 mg/dL to 111 mg/dL (p=0.002). Serum IGF-1, omentin, insulin, C-peptide, and leptin all significantly decreased (p = 0.004 to 0.046). Mean adiponectin was unchanged between preand post-treatment samples. Table 3 summarizes the changes in protein expression between pre-and post-treatment tissue biopsies. Direct activation of AMPK would lead to phosphorylation and an increase in phospho-ACC. There was no significant increase from pre-and post-treatment expression of phospho-ACC (p=0.999). For phospho-S6rp, MAPK, and phospho-AKT, we would expect to see a decrease in expression after treatment with metformin. There was a decrease in phosphor-S6rp in 70% of cases, however, this was not significant (p=0.057). There was a significant decrease in MAPK expression (83%, p=0.004) and phospho-AKT expression (90%, P<0.001) between pre-and post-treatment samples. Examples of the decrease in pS6p, phospho-AKT and MAPK immunohistochemical staining are shown in Figure 2 . Finally, there was no difference in cell proliferation as measured by Ki67 (p=0.942) or apoptosis as measured by caspase 3 (p=0.979) between pre-and post-treatment samples in a majority of cases.
Logistic regression models were then used to determine if the statistically significant changes in the pre-and post-treatment samples were related to other factors such as obesity or tumor grade. These models revealed that there was no association between a decrease in phospho-AKT expression and BMI (p=0.60) or tumor grade (p=0.99). Similarly, there was no association between decreased MAPK expression and BMI (p=0.79). However, lower grade tumors were more likely to have a decrease in MAPK expression (p=0.001).
KRAS mutational analysis was performed on pre-treatment tissue samples. Only 2 patients (10%) were noted to have mutations in KRAS. There was no association between KRAS mutational status and changes in serum or tissue biomarkers.
Discussion
In this window of opportunity study, we showed that a short course of oral metformin results in both serum and molecular changes in the endometrial tissue of women with newly diagnosed endometrial cancer. Serum levels of IGF-1, omentin, insulin, C-peptide, and leptin all significantly decreased between pre-and post-treatment samples. In addition, phosphorylation of AKT and MAPK were significantly decreased in endometrial cancer cells after oral metformin.
Metformin has both indirect and direct effects on cell growth and metabolism. In order to better understand the anti-cancer mechanism by which metformin, we sought to evaluate both the direct and indirect effects of metformin by assessing relevant biomarkers for each of these pathways (Figure 1 ). Based on our findings, the indirect effects of metformin on cell growth are seen in both the serum and the tissue. As expected, we found that circulating insulin and IGF-1 were significantly decreased in the post-treatment samples. Laskov et al. also found a significant decrease in fasting plasma insulin, IGF-1 and IGFBP-1 in a similar study where patients were treated with a median of 36 days of metformin 500 mg three times daily prior to definitive surgery for endometrial cancer (12) . Schuler et al. described significant differences in lipid metabolism markers among newly diagnosed endometrial cancer patients who were treated with metformin 850mg daily prior to surgery (13) . In regard to the downstream tissue marker changes that would result from decreases in circulating insulin and IGF-1, we would expect a decrease in phospho-AKT and MAPK, both of which were significantly decreased in the post-treatment samples. These findings have also been shown by other authors (13) .
In the direct model, metformin inhibits mitochondrial adensine-5'-triphosphate (ATP) synthesis, resulting in activation of LKB1/AMPK pathway and, ultimately, inhibition of mTOR signaling. Direct activation of AMPK would lead to the direct phosphorylation of phospho-ACC and a decrease in phospho-S6rp (downstream from mTOR). In our study, only 10% of cases showed an increase in phospho-ACC after metformin treatment. While there was a decrease in phospho-S6rp in 70% of cases, this finding may also be related to the decrease in phospho-AKT (indirect effect). It is possible that statistically significant changes in phospho-S6rp could be present with higher doses or longer metformin exposure, as was found in the Laskov and Schuler studies which showed a clear reduction in pS6 (12, 13) .
Finally, we looked at markers of cell proliferation (Ki67) and apoptosis (Caspase 3) to determine if these downstream factors could be affected after a short course of oral metformin. We did not see a significant effect on cell proliferation or apoptosis. While other authors have shown a decrease in Ki67 after treatment with metformin in endometrial cancer patients, there are differences in methodology that may contribute to this discrepancy. In the Laskov study, patients were treated with higher doses (1500mg/day) for a longer period of time (median 36 days) (12) . We chose a relatively short dosing schedule so that the usual time frame from diagnosis to surgical management was not affected. The dose of 850 mg per day was chosen as the dose of metformin generally has to be titrated up in order to prevent side effects. In addition, other groups who have highlighted a change in proliferation, have used any change in absolute expression to be meaningful. For our study, we required a change in 20% of protein expression to be defined as a significant change. We felt this would allow for variation in testing.
Several window of opportunity studies using metformin have also been conducted in women with breast cancer (14, 15) . In the largest prospective randomized pre-surgical trial in women with breast cancer, there was no difference in Ki67 pre-and post-treatment with metformin (16) . The changes in Ki67, however, did seem to be linked to the effect of metformin on the homeostasis model assessment (HOMA) index in these women. For example, among women whose HOMA index was greater than 2.8, Ki67 decreased by 10.5% after treatment with metformin. These findings suggest that metformin may have a different effect on tumor tissue based on other metabolic differences between patients.
The main strength of this study is the trial design and proof of feasibility. Endometrial cancer is an ideal cancer to study in the window of opportunity setting. Pre-treatment samples can be obtained easily during an office endometrial biopsy and can be compared to endometrial tissue from the hysterectomy after an agent is given for a period of time. This model allows for evaluation of the direct effects of a drug on endometrial tumor cells in a relatively short period of time. Other agents could be assessed in the same way to determine tissue effects before implementing large treatment protocols. In addition, this model could be used for other tumor types. We currently have protocols accruing and in development utilizing the window of opportunity model in both cervical and ovarian cancer.
The main limitations of this study were the small sample size and the short treatment interval. Because this was in part a feasibility study, one of our main goals was not to interrupt the standard treatment for women with newly diagnosed endometrial cancer. We did not want to delay definitive surgery by exposing patients to longer treatment with metformin. While we feel this may have limited the results of our study, we were still able to identify tissue and serum changes between pre-and post-treatment samples. Finally, it remains unclear how the effect of oral metformin on the serum and tissue will ultimately impact the outcome of our patients with endometrial cancer.
Although the data supporting the role of metformin in the treatment of endometrial cancer are growing, it is unclear at this point if there is an impact on overall survival (17) . There are several ongoing clinical trials set out to answer this question. Metformin is being added to levonorgesterol-releasing intrauterine device in non-surgical patients with complex hyperplasia with atypia or endometrial cancer (NCT02035787). GOG286B is a randomized phase 3 study of paclitaxel and carboplatin +/− metformin in chemotherapy naïve patients with advanced stage or recurrent endometrial cancer (NCT02065687). In addition, at our institution we have a nearly completed Phase 2 study evaluating the effectiveness of everolimus, letrozole, and metformin in the treatment of advanced or recurrent endometrial cancer (NCT01797523). These studies should help us better understand how metformin can be incorporated into the treatment of women with endometrial cancer.
In this prospective window of opportunity study, we showed that a short course if oral metformin results in both serum and tissue biomarker changes in women with newly diagnosed endometrial cancer. Based on our findings, it appears that the effects of metformin are likely a result of decreased circulating insulin and insulin-like growth factors rather than the direct activation of AMPK. While we did not find direct effects of metformin or a significant effect on cell proliferation or apoptosis, it is possible that these cellular changes could occur after a longer exposure or a high dose of metformin. Ongoing clinical trials will help determine the appropriate role for metformin in the treatment of women with endometrial cancer. 
